In this study, the metabolism of a diverse range of Mycoplasma fermentans strains was investigated. It was shown that the ability to utilise glucose, fructose and N-acetylglucosamine differentiated strains, and that the patterns and kinetics of substrate utilisation were correlated with the site of isolation, i.e. joint fluid, respiratory tract, urinary tract or cell culture. Interestingly, isolates from the urogenital tract of AIDS patients used fructose in preference to glucose. There was also some correlation of fructose and N-acetylglucosamine utilisation of isolates with M. fermentans sub-groups, identified in an independent study, and based on the distribution of insertion sequence-like elements in the M. fermentans genome. z
Introduction
Mycoplasma fermentans is a common contaminant of cell lines and has rarely been isolated from clinical material. Its natural habitat is unknown. Until recently the role of this organism in human disease was uncertain. However, the incognitus strain of M. fermentans has been identi¢ed in the tissues of a large proportion of AIDS patients and is particularly associated with nephropathy [1] . There is also some evidence that M. fermentans may be one of a number of mycoplasmas that might promote the progression of HIV infection to AIDS [2] . Recently, M. fermentans was detected by polymerase chain reaction (PCR) in the synovial £uid of approximately 10% of patients with in£ammatory arthritis [3] . It has also been detected by culture in children with a diagnosis of community-acquired pneumonia [4] .
In common with many other mycoplasmas, the physiology and metabolism of M. fermentans have been studied little. In growth media, M. fermentans produces acid from glucose and also hydrolyses arginine, both of which may be important in energy generation. Preliminary studies shows M. fermentans to be genetically [5, 6] and biochemically diverse and certain strains use fructose and N-acetylglucosamine in preference to glucose [7] . Thus, more detailed studies of the metabolism of a range of M. fermentans isolates were undertaken. A sensitive pH-change method was used here as previously described [7, 8] . The relative rates of metabolism of glucose, other metabolisable sugars and arginine were determined using washed cells. Attempts were then made to correlate metabolism patterns with the origin of the M. fermentans strains and the subgroups based on genetic analysis [6] . Table 1 lists the M. fermentans strains used in this study and their original sources. They were obtained as freeze-dried cultures from the Central Public Health Laboratory, Colindale, UK. Upon receipt, all cultures were grown in broth, dispensed in ampoules, and stored in liquid nitrogen or at 370³C [9] to provide inocula for future experiments.
Materials and methods

M. fermentans strains
Growth media and conditions
The growth medium used was SP4 broth [10] , also containing arginine (2 g l 3I ). Broth medium, with an initial pH of 7.6, was dispensed in 7-ml quantities in plastic screw-capped test tubes and inoculated with 0.1 ml of stored culture. After anaerobic incubation at 37³C for 2^7 days, 0.1 ml of these cultures were transferred to fresh medium and similarly incubated to provide inocula for future experiments. Except where stated, the agar medium used was blood agar base (Oxoid number 2) adjusted to pH 7.6 and supplemented with 200 ml of heat-inactivated pig serum per litre. Agar plates were similarly incubated up to 7 days.
Preparation of cell suspension
Broth cultures were examined microscopically (phase contrast, U1200 magni¢cation) and for changes in opacity (550 nm ; Gallenkamp Visi-spectrophotometer) and harvested towards the end of the exponential growth phase by centrifugation at 13 000Ug for 4 min (MSE microcentaur). The cell pellets obtained were washed twice and resuspended in 3 ml of normal saline solution (pH 7.0) containing 160 U ml 3I catalase (Sigma). Cell suspension contained approximately 10 V^1 0 W colony forming units (cfu) ml 3I . The amount of protein was determined by the method of Markwell et al. [11] .
Detection of metabolism by pH change
The change in the pH during metabolism of sugars and arginine by cell suspensions was determined using a pH meter (Mettler-Toledo, Delta 350; PHL 310 040Q, Fisher Scienti¢c, UK) linked to a chart recorder. Rates of substrate utilisation and values of K m were calculated from chart recordings of pH versus time as described previously [8] . All experiments were repeated and the data shown are mean values of two or three replicate experiments.
Results and discussion
Substrate utilisation and arginine hydrolysis by washed cells of M. fermentans
All M. fermentans strains metabolised glucose (10 WM) with a resultant drop in pH (0.15^0.20 units) and arginine (10 WM) with a rise in pH (0.11^0.15 units) due to production of NH Q . However, the ability to utilise fructose and N-acetylglucosamine (GlcNac) varied (Table 2 ). Thus, it was possible to divide the strains into four groups according to the ability to utilise both, either or neither of these additional substrates.
In the earlier study, the four M. fermentans strains studied (KL4, KL8, PG18 and incognitus) were biochemically diverse [8] . Strains KL4, KL8 and incognitus showed a high rate of fructose metabolism, which was up to 10-fold higher than for glucose. The strains also showed a higher a¤nity for fructose than for glucose. In this study, similar results were obtained for strain incognitus (M200/90) and in strain M106/95 the rate of fructose utilisation was also higher than for glucose (Table 2) . Fructose-utilising ability was shown to be partly inducible; for fructose-utilising strains (M670/95 and M641/95), rates of fructose fermentation were higher for cells grown in SP4 with added fructose than in medium with added glucose (Table 3) . However, fructose-utilising ability was not inducible for strain M671/95 which, when grown in glucose or fructose medium, was unable to use fructose. Thus it appears that M. fermentans strains may be divided into those which are fructose-negative, fructose-inducible or possibly constitutive for fructose utilisation.
The data suggested that fructose was an important substrate for certain M. fermentans strains. However, this also implies that fructose is available in the natural habitat of these strains and that, in those cases where fructose is used at very high rates relative to glucose, fructose may be the major sugar. In man, high fructose concentrations relative to glucose are associated only with seminal vesicle secretions (glucose 0.4 mM; fructose 26 mM). Thus, fructose-utilising M. fermentans strains may be particularly associated with seminal vesicles and their secretions and be transmitted in semen. Three of the fructoseutilising strains (M641/95, M672/95, M673/95) were isolated from the urine and urethra of males. Of the remaining fructose-utilising strains, M670/95 was isolated from joint £uid and M106/95 from a cell line. The incognitus strain claimed to have been isolated from Kaposi's sarcoma is probably cell linederived [12] , though incognitus-like strains have been demonstrated in kidney parenchyma cells of AIDS patients su¡ering from renal disease [1] . Fructose is generally available in tissue culture media as a component of serum.
All three isolates from respiratory tract (M640/95, M642/95, M671/95), one isolate from a cell line (M433/90) and the type strain from genital ulcer (PG18) failed to utilise fructose at a detectable rate, even when the sugar present at high concentrations (1 mM), and attempts to induce fructose metabolic activity in strain M671/95 were unsuccessful ( Table 3 ). The ability of eight M. fermentans strains (M106/ 95, M148/91, M200/90, M433/90, M640/95, M642/ 95, M670/95 and PG18) to utilise GlcNac with a high a¤nity (K m values 95 WM) appears signi¢cant, particularly in the case of strains M106/95, M200/90 and M670/95, for which rates of utilisation were 90, 220 and 136% of the rates for glucose, respectively. This substrate was shown to be utilised by KL4 and KL8 isolated from the synovial £uid of rheumatoid arthritis patients [8] and in this study, strain M670/95 was also from joint £uid. Since levels of N-acetylglucosaminidase are elevated up to 10-fold in the synovial membranes of such patients [13] , the availability of GlcNac may be increased in the synovial £uid.
The rates of arginine metabolism relative to those of glucose by washed cell suspensions of the test strains varied widely, from 40% to s 1000% (Table  2 ). In fructose-grown cells (Table 3) , these ratios were even higher. Thus, it is possible that according to the isolate, arginine may be the predominant or a relatively minor energy source. It is also possible that the true role of arginine hydrolysis in M. fermentans may be in pathogenicity, reducing the availability of arginine to host cells. Low rates of arginine metabolism, relative to glucose utilisation, were associated with the cell line isolates (Table 2) . Diversity in M. fermentans strains has also been the subject of a number of molecular studies. M. fermentans was found to be genetically heterogene- Table 4 The correlation of biochemical characteristics with the clusters formed by IS analysis [6] Per cent of the initial rate for glucose metabolism. ous, since the distribution of an insertion sequencelike (IS) element showed both intra-and inter-strain variation [5] . In a more detailed study of M. fermentans strains (including all the strains used in this study), it was shown that the IS element varied in copy number and location within the M. fermentans chromosome, suggesting the frequent occurrence of DNA rearrangements [6] . Thus, they were able to group M. fermentans strains in four clusters. Representatives of three of the clusters were included in the present study. [6] . Five of six cluster I strains utilised fructose. None of the four cluster II strains utilised fructose, but three utilised GlcNac. The two cluster III strains both utilised fructose, but not GlcNac. There appeared to be no correlation of the extent of arginine-hydrolysing ability with clusters formed by IS analysis. The biochemical characteristics of members of the clusters are summarised in Table 4 . In order to con¢rm the correlations apparent in this study, further isolates need to be obtained. It is possible that the biochemical diversity of M. fermentans strains may be of value in epidemiological studies and in understanding the distribution of M. fermentans amongst the various habitats from which the organism has been isolated. The unusual adaptation of M. fermentans strains from the urinary tract to rapid fructose utilisation may be of potential signi¢cance in the design of isolation and selective media.
